. This is a prospective case collection study that represents a consecutive series. The results are based on prospectively collected, early-outcome data that were supplemented by retrospectively collected, follow-up data for 94% of those cases. The analyzed data included the initial presentation, Spetzler-Martin grade, obliteration rates, surgical and neurological complications, and frequency of pretreatment with embolization or radiosurgery. The total cohort was compared using "small-AVM," Spetzler-Martin Grade I and II, and ARUBA-eligible AVM subgroups. RESULTS The initial presentation was hemorrhage in 50.0% and seizures in 43.1% of patients. The series included 53 Spetzler-Martin Grade I (18.4%), 114 Spetzler-Martin Grade II (39.6%), 90 Spetzler-Martin Grade III (31.3%), 28 SpetzlerMartin Grade IV (9.7%), and 3 Spetzler-Martin Grade V (1.0%) AVMs. There were 144 unruptured and 104 ARUBAeligible cases. Preembolization was used in 39 cases (13.5%). The occlusion rates for the total series and small AVM subgroup were 99% and 98.7%, respectively. The mean follow-up duration was 64 months. Early neurological deterioration was seen in 39.2% of patients, of which 12.2% had permanent and 5.6% had permanent significant deficits, and the mortality rate was 1.7% (n = 5). Outcome was better for patients with AVMs smaller than 3 cm (permanent deficit in 7.8% and permanent significant deficit in 3.2% of patients) and Ponce Class A status (permanent deficit in 7.8% and significant deficit in 3.2% of patients). Unruptured AVMs showed slightly higher new deficit rates (but 0 instances of mortality) among all cases, and in the small AVM and Ponce Class A subgroups. Unruptured Spetzler-Martin Grade I and II lesions had the best outcome (1.8% permanent significant deficit), and ARUBA-eligible Spetzler-Martin Grade I and II lesions had a slightly higher rate of permanent significant deficits (3.2%). CONCLUSIONS Microsurgery has a very high cure rate. Focusing microsurgical AVM resection on unruptured lesions smaller than 3 cm or on Spetzler-Martin Grade I and II lesions is a good strategy for minimizing long-term morbidity. Well-selected microsurgical cases lead to better outcomes than with multimodal interventions, as in the ARUBA treatment arm, or conservative treatment alone. Long-term prospective data collection is valuable.
T he treatment of cerebral arteriovenous malformations (AVMs) continues to be a matter of debate despite major advances in the last 3 decades with the advent of radiosurgery and microsurgery. Although AVMs are rare, they carry a certain life-long risk for stroke due to rupture, which has been reported to occur at a frequency of about 2% to 4% per year. 5, 6 While there is general agreement that ruptured AVMs need to be completely obliterated or excised, the treatment of unruptured AVMs has been reviewed and discussed intensively following the recent trial on medical management versus interventional therapy for unruptured AVMs, the so-called ARUBA (A Randomized Trial of Unruptured Brain Arteriovenous Malformations) study. 12 This randomized trial of medical management versus interventional management allowed any intervention to be used (or any combination thereof), and concluded that noninterventional management was superior to intervention. Only 5 of 322 patients underwent microsurgical treatment alone; however, another 13 of 322 patients underwent microsurgery as part of multimodal therapy. Although, in general, prospective randomized clinical trials are considered to be superior to single-center series, several authors criticized the low number of patients who underwent microsurgical resection alone and concluded that 2 treatment modalities known for a high rate of incomplete AVM occlusion (embolization and radiosurgery) led to the result that interventional treatment might be easily misunderstood as rendering microsurgery ineffective. 2, 7, 11, 16, 20, 23, 26 Later attention was focused on lower Spetzler-Martin grades, where outcome was found to be better, and also on subgroups who would have fulfilled the eligibility criteria for the ARUBA study. A few series on ARUBA-eligible cases are available, which show that microsurgery is still a viable tool for certain subgroups. 2, 12, 16, 21, 25 This patient series was treated surgically by a single surgeon at 2 institutions between 1983 and 2012 and includes every AVM removed by that surgeon. This study aims to contribute data on outcomes after microsurgery, including subgroup analyses for small, unruptured, ARU-BA-eligible and Spetzler-Martin Grade I and II AVMs.
Methods

Patient Collection
All patients who ever harbored an AVM that was removed by the senior surgeon (J.S.) between 1983 and 2012 (between 1983 and 1989 in Erlangen and between 1990 and 2012 in Bonn) were included (n = 288). Since 1985, all data have been collected in a database, which was maintained and supervised by 4 different staff neurosurgeons over 27 years. Thus, since 1985, immediate, postoperative, and 3-month outcome data, and also partial 6-month outcomes, have been collected prospectively. Between 2012 and 2015, all charts were reexamined and follow-up notes were reviewed, which included reviewing charts at the former institution. In this way, the patient database was updated by 2 of the authors from charts and telephone interviews for 270 cases (94%). The stored data included patient demographics, lesion size, Spetzler-Martin grade and location of the AVM, presence of deep venous drainage, clinical presentation, use of preoperative embolization, the occlusion rate on early postoperative angiography, early postoperative deficits, 3-and partial 6-month outcome data, and general surgical complications.
Additional data on the AVM outpatient caseload were available for the period from 1990 to 2009. Here, AVM patients (n = 281) were seen and advised on treatment, but they did not undergo surgery. In the same period, AVMs (n = 339) were surgically treated in Bonn, of which 226 were treated by the senior author and are part of this series. A subset of 150 cases until 1995 were included from this patient group, but only short-term outcomes were previously analyzed.
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Outcome Assessment
Neurological assessment was performed in the immediate postoperative period until discharge and then at 3 and 6 months. Long-term follow-up was available for 94% of patients, with a median of 64 months (range 0-326 months). Each patient underwent early control angiography, usually after about 1 week, but in the last 11 years this usually occurred immediately after surgery. Data from the cases in the first 2 years were retrospectively obtained from the patient charts, and since 1985 data were prospectively collected. Complications were classified as surgical, i.e., problems resulting from surgery without impacting the neurological findings, such as pneumonia, urinary tract infection, wound infection, and pulmonary embolus. Neurological deterioration was classified as early, permanent, permanent significant, or nonsignificant. The modified Rankin Scale (mRS) score was assessed retrospectively, as at the very beginning of data collection this scoring system was not established for use in routine clinical diagnostics. Whenever we felt uncertain about the correct scoring, we preferred to use the higher score in order to not overestimate good outcomes. Hence, the clinical condition at the last available follow-up was classified into 2 groups according to mRS score: mRS score < 2 (70.7%) and mRS score ≥ 2 (29.3%). This includes poorer preoperative mRS score ≥ 2 due to hemorrhage.
Treatment Modalities
Since the case collection covers a period of 27 years, cases are included from a time period when embolization was not so common and radiosurgery had not yet become widely established. After 1989, in the early period in Bonn, we employed embolization more frequently. Overall, microsurgery alone was used in 244 cases (84.7%) and presurgical embolization in 39 cases (13.5%). The series included 11 cases that had undergone prior radiosurgery (3.8%).
Presurgical Workup, Resection Technique, and Postoperative Management
Standard workup included MRI and digital 4-vessel angiography. Whenever possible, cases were treated after recovery from the acute effects, thereby allowing for careful planning and elective timing. Microsurgical resection of an AVM consisted of circumferential dissection of the nidus with early identification and occlusion of the superficial supplying vessels first, dissection of the AVM from the surrounding brain tissue, exposure of the surfaces of the nidus by removing existing blood clots, and, as the last step, division of the draining vein. AVMs that reached deep into the white matter necessitated the occasional use of microclips for fragile, deep white matter feeders or draining veins. AVMs close to the motor cortex or motor tract have been monitored with evoked potentials and motor evoked potentials since 1997. 17, 27 In cases with uncomplicated hemostasis, patients were extubated early in the intensive care unit and transferred to the ward the next day. Patients with difficult hemostasis were kept in the intensive care unit overnight with a regimen to maintain maximum systolic blood pressure ≤ 100 mm Hg and were allowed to wake up the next day. After 24 hours of uneventful observation in the intensive care unit, these patients were transferred to the ward. All patients underwent routine angiography during the 1st week and, in later years, usually immediately after surgery. In 1 case, 2 surgeries were needed for complete obliteration. In 2 cases, newly formed AVMs were found several years later despite negative findings on early angiograms.
Statistical Analysis
To analyze the descriptive population statistics and potential associations of factors with postoperative outcome, we used SPSS (version 20, IBM). The t-test was used for numerical data, and the Fisher exact test was used for categorical data. Statistical significance was assessed as p < 0.05.
Results
Demographic Data of All Patients
The demographic data and key AVM features of all patients are described in Table 1 , and different subgroups are described in Tables 1 and 2. In total, 134 patients were female, the mean patient age was 35.3 years (range 1-72 years), and the number of pediatric cases (age < 18 years) was 38 (13.2%). Sixty-two patients underwent surgery in Erlangen and 226 in Bonn. In total, 50.0% of patients presented with intracerebral hemorrhage and 43.1% of patients presented with seizures.
The occlusion rates, as demonstrated on early postoperative digital subtraction angiography, were 99% for the total cohort and 98.7% for patients with small AVMs. In 1 case, 2 surgeries were needed for complete obliteration. In 2 cases, newly formed AVMs were found several years later despite negative early angiograms.
Surgical morbidity, which consisted of all events without neurological sequelae, such as urinary tract infection, pneumonia, superficial wound problems, pulmonary embolism, subgaleal CSF accumulation, and meningitis, were seen in 9.7% of patients without permanent damage. Early postoperative neurological worsening was seen in 39.2% of patients, most of which was mild and transient, but 12.2% of patients had permanent neurological changes, of which 5.9% had significant changes. The proportion of patients in the entire cohort with a preoperative mRS score < 2 was 63.9%, and postoperatively this proportion was 70.7%.
Changes Over Time
The following changes were noted: eloquently located cases increased in number, cases with deep venous drainage were more frequent, and the use of presurgical embolization increased. Since the late 1990s, the selection of cases to be operated on has focused on Spetzler-Martin Grades I to III. There were no operations for Spetzler- Martin Grade V lesions after 1999, and there were 3 Spetzler-Martin Grade V lesions between 1985 and 1999.
Presurgical Treatment
One patient underwent multiple treatments at an outside institution prior to surgical treatment at our department, including partial resection, embolization, and radiosurgery. Altogether, 39 patients underwent presurgical embolization, and 11 patients had prior radiosurgery. In detail, 6 patients (2.1%) underwent presurgical radiosurgery and embolization, 33 patients (11.5%) underwent presurgical embolization alone, and 5 patients (1.7%) underwent radiosurgery alone; the patients who underwent radiosurgery alone were referred because of the lack of success. Presurgical embolization was used until 1996 in 11.7% (19 of For Spetzler-Martin Grade II AVMs, embolization was used for AVMs that were located in or close to the eloquent cortex and showed the angiographic criteria of high flow. Surgery was usually performed within 1 or 2 days after embolization. All cases were discussed in the neuroradiological radiography conference, and a joint decision was made by the neurosurgeon and neuroradiologist.
Spetzler-Martin Grades, Size, and Eloquence
There The AVM diameter was < 3 cm in 154 cases (53.5%), 3 to 6 cm in 129 cases (44.8%), and > 6 cm in 5 cases (1.7%). In the total series, an eloquent location was present in 164 cases (56.9%). Eloquent locations included a dominant sylvian/temporoparietal location, visual pathways, precentral/central location, basal ganglia, brainstem, cerebellar nuclei, corpus callosum, and postcentral gyrus. Details on the outcomes of the preoperative seizures in this patient series have been published separately. 30 Five cases were excluded because surgery was interrupted before AVM removal: 1 intrapontine lesion, which was thought to be a bleeding cavernoma, was in fact an AVM and thereby surgery was considered too dangerous. Another lesion, which was thought to lie within the parapontine cistern, had spread circumferentially around the brainstem and was left intact. In 3 other cases, massive bleeding occurred during craniotomy (blood loss was approximately 4 L each), and surgery was interrupted and embolization planned. These patients did not wish to go ahead with embolization and surgery.
Small AVM Subgroup
So called small AVMs measuring less than 3 cm in diameter are ideal candidates for radiosurgery and accounted for 154 cases (53.5%). This subgroup included a higher proportion of Spetzler-Martin Grade I and II lesions (n = 126; 81.8%) and 28 Spetzler-Martin Grade III lesions (18.2%). More patients presented with a hemorrhage than in the nonsmall group (59.7% vs 38.8%). The incidence of an eloquent location was not significantly different (52.9% small vs 61.9% nonsmall lesions). Deep venous drainage was less frequent in the small group (28.4%) than in the nonsmall group (42.5%). Presurgical embolization was used in 3.2% of small AVMs (5 cases) versus 25.4% of nonsmall AVMs. Microsurgery was used as the sole intervention in 94.8% of small AVMs versus 73.1% of nonsmall AVMs. The rebleeding rate was 0.7%, and the occlusion rate was 98.7%. The rate of permanent significant postoperative neurological worsening was 3.2% in the small group versus 8.2% in the nonsmall group. Mortality was 1.9% in the small group versus 1.5% in the non-small group.
Hemorrhagic Versus Unruptured Presentation
Half of all patients (n = 144) presented with a hemorrhage. This group contained significantly more small AVMs (63.9% vs 43.1%), markedly fewer Spetzler-Martin Grade IV and V AVMs (7.6% vs 13.9%), and a similar rate of deep venous drainage (35.4% vs 34.7%) compared with the unruptured cases. Microsurgery as the sole treatment was used in a similar percentage of cases (85.4% vs 84.0%).
Of all 144 unruptured cases, 62 were small unruptured AVMs and 78 were unruptured Ponce Class A AVMs. The permanent new deficit rate was higher in the unruptured group (16.7% vs 7.6%). Similarly, permanent significant deficits were more frequent (7.6%) compared with the hemorrhagic group (4.2%).
The Ponce Class A Unruptured Subgroup
The number of combined unruptured Ponce Class A (combined Spetzler-Martin Grade I and II) AVMs was 78 of a total 167 Spetzler-Martin Grade I or II AVMs. This included 26 Spetzler-Martin Grade I and 52 Spetzler-Martin Grade II AVMs. Thirty-one percent of these AVMs (n = 24) were between 3 and 6 cm in diameter, two-thirds were in noneloquent locations, presurgical embolization was used in 6 cases, and 94.9% were treated by microsurgery alone. A new postoperative deficit was observed in 12.8% of cases, but permanent new significant deficits were noted in less than 2.6% of cases and there were 0 instances of mortality. The deficit rates of the Ponce Class A group are shown in Table 3 .
Unruptured cases were associated with more permanent deficits and more significant permanent deficits than hemorrhagic cases with a similar size or Spetzler-Martin grade.
ARUBA-Eligible Subgroup
A total of 104 cases that would have fulfilled the inclusion criteria for the ARUBA study-i.e., excluding pediatric patients and patients with prior therapy and a preexisting deficit with mRS score > 1-were identified, including 21 Spetzler-Martin Grade I, 42 Spetzler-Martin Grade II, 29 Spetzler-Martin Grade III, and 12 SpetzlerMartin Grade IV AVMs. The majority of cases had superficial venous drainage (85.6%), and 51.9% had diameters between 3 and 6 cm. The preoperative mRS score was < 2 in all 104 cases, and the postoperative score was < 2 in 89.6% of cases with an available mRS grade (96 of 104 cases). A new significant and permanent deficit was seen in 7.7% of cases. Treatment-related mortality in the ARU-BA subgroup was 0. For the entire ARUBA subgroup, the available outcomes expressed in terms of the percentage of cases with mRS score > 1 was 10.4% (10 of 96 cases). The ARUBA Ponce Class A subgroup included 63 patients. For Spetzler-Martin Grade I AVMs, the percentage of patients with mRS score > 1 was 9.5% if all deaths were counted, but only 4.8% if only AVM-related deaths were counted. For Spetzler-Martin Grade II outcomes, the percentage of patients with mRS score > 1 was 4.8%. For Ponce Class A patients, the percentage of patients with mRS score > 1 was 6.3%, but if AVM-unrelated deaths were left out the percentage was 4.8%.
The deficit rates of the study cohort compared with the deficit rates in the different subgroups are shown in Table 4 .
Risk Factors
Various age limits were examined to try to define an age group with a different risk profile, but there were no significant differences in terms of the frequency of significant permanent deficits between older and younger patients (p > 0.05). Similarly, for patients younger than 18 years, nonhemorrhagic presentation had a tendency toward worse outcome, but this difference did not reach statistical significance (p = 0.32). Small AVM diameter was associated with better outcome (p = 0.047), as were Spetzler-Martin Grades I and II (p < 0.01) and a noneloquent location (p = 0.015). Deep venous drainage did not lead to worse outcome (p = 0.12).
Complications
The deficit rates for the different Spetzler-Martin grades are shown in Table 3 . While the permanent significant deficit rates are below 2% for Spetzler-Martin Grade I and II lesions, they increase to 3.3% for Spetzler-Martin Grade III lesions. Comparing Ponce Class A with Ponce Classes B and C (i.e., Spetzler-Martin Grade III and IV combined), Ponce Class A has a significantly lower permanent deficit rate and very much lower rate of significant deficits (p < 0.05).
Discussion
Indications for Surgery and Embolization Over Time
The analysis of the total caseload, including outpatients, clearly shows the fact that the surgeon had become more restrictive regarding Spetzler-Martin Grade IV and V AVMs. Rather early, the surgeon started focusing on surgical intervention for Spetzler-Martin Grades I to III. The discussion on whether Grade III AVMs should not be considered differently from Grades I and II lesions came on only recently. 4, 14 The relatively high number of AVM cases seen, but not operated on, demonstrates that this is a highly selected series of cases. Many high-risk cases were not selected for microsurgery on purpose. This, however, does not mean that the operated cases were mainly simple lesions, as can be deducted from the high rate of eloquently located AVMs and the deficit and mortality rates in the lower Spetzler-Martin grades. Of the cases rejected for surgery, a large proportion was outright inoperable, and another large group was not necessarily too big but located in areas that are usually considered very risky or inoperable. There were a number of operable cases that could have been operated on, but after a careful discussion of the pros and cons of the 3 treatment methods, the patients decided against surgery.
In general, the results of this series do not allow generalized conclusions about the treatment results of cerebral AVM. Unfortunately, when we started to collect data in the mid-1980s, no decision was made to collect data on the rejected cases and nonoperated cases in parallel to those that were operated on. Thus, a comparison between surgical cases and conservatively managed cases is impossible.
Use of Embolization and Radiosurgery
In a previous paper, 22 a comparison of 3 treatment modalities-microsurgery, embolization, and radiosurgery-was performed, and the conclusion then was that "microsurgery for small AVMs is superior to radiosurgery or interventional neuroradiology because of its high rate of efficacy and low rate of permanent morbidity and because immediate cure of the AVMs can be achieved in the vast majority of patients." The main reason for the restrictive use of preembolization was the important fact that by combining 2 treatment modalities, one also adds the complication rate of 1 modality to the complication rate of the second modality. The potential reduction in side effects after the use of preembolization has not been convincingly demonstrated, nor has the introduction of Onyx improved the rate of side effects. 3, 26 On the contrary, 2 studies found increased complication rates after preembolization. 15, 28 In the 1990s and early 2000s, embolization series usually showed a comparable rate of new deficits (0%-22%) and even certain mortality (0%-4.3%). 19, 29 A recent review of approximately 1300 mostly low-grade AVMs found a mortality rate of 1.6%, morbidity rate of 6.2%, and an occlusion rate of 29%. In a recent statement by Lawton et al., 9 the disadvantages of the endovascular and radiosurgical treatments compared to microsurgery were highlighted.
Radiosurgery also has a permanent morbidity rate and mortality rate between 0% and 3% due to persistent bleeding. 18 We certainly had the impression that embolization in high-flow AVMs made resection easier, but it is difficult to conclude that preembolization led to a reduction in the complication rates.
The ARUBA Study
In the ARUBA study-in which only a minority of cases underwent microsurgery alone and a small group underwent a combination of embolization plus microsurgery-conservatively managed cases had a markedly lower stroke and mortality rate (10.1% vs 30.7%). The lower rate for conservatively managed AVMs was confirmed in the conclusions of a Scottish population-based study. 1 However, looking closely at the defined primary outcome, the results for treated and untreated patients were similar after 4 years of follow-up.
In fact, the treatment group in the ARUBA study is more representative of the various nonmicrosurgical treatment modalities and their complications, or as phrased by Russin and Cohen-Gadol, 20 "Many of the outcome data in the treatment arm of the ARUBA trial are contaminated by prior therapeutic trends that have since been largely abandoned because of high complication rates and low obliteration rates." In general, it would be wrong to draw significant conclusions regarding the value of microsurgical treatment from the ARUBA study since it only considers unruptured AVMs. The frequently heard assumption that microsurgery for AVMs, in general, has suffered a severe setback by the ARUBA study is incorrect.
Comparing Outcomes for Spetzler-Martin Grades
The inhomogeneity of Spetzler-Martin Grade III AVMs has been described by Lawton, 8 who proposed that Spetzler-Martin Grade III AVMs need to be further specified as low-risk and high-risk lesions, thereby leading to the recommendation of more individualized indications for Spetzler-Martin Grade III lesions. 8, 10, 24 Spetzler and Ponce 24 also worked out that the risk profiles for SpetzlerMartin Grade I and II AVMs are similar but very different from Spetzler-Martin Grade III AVMs, which is a finding confirmed by this study. Several known risk factors, which may explain the outcome differences, were identified: 29 of 90 Spetzler-Martin Grade III AVMs were small with deep venous drainage and an eloquent location. The other 61 Spetzler-Martin Grade III lesions were > 3 cm, which is also associated with higher risk. Lawton 8 has demonstrated that within Spetzler-Martin Grade III lesions, morbidity in- 
Outcomes of the ARUBA-Eligible Subgroup
There have been a number of studies in which AVMs fulfilling the ARUBA criteria were operated on, and it was clearly demonstrated that, at least for Spetzler-Martin Grade I and II AVMs, patients who undergo microsurgical removal of the AVM have better outcomes than those treated with observation. 2, 13, 21 This study confirms these results. The number of instances of postoperative mRS score > 1 among 59 total Ponce Grade A cases with available mRS score was 3 (5.1%). The permanent new significant deficit rate was 3.2% in the ARUBA-eligible Spetzler-Martin Grade I and II group, with both ARUBA-eligible groups having 0 instances of mortality. These figures are lower than those of the interventional and observational arms of the ARUBA study, where conservative management resulted in a 10.1% risk of stroke or death and interventional management resulted in a 30.7% risk. In light of this ongoing discussion, several authors continue to recommend Spetzler-Martin Grade I and II AVMs for microsurgery as the best treatment option. 4, 11, 13, 16, 20, 25, 26 Unruptured Versus Ruptured AVM Unruptured AVMs had higher complication rates in the total, small AVM, and Spetzler-Martin Grade I and II subgroups, which is similar to the findings of Theofanis et al. 28 and Lawton et al. 9 The initial neurological deterioration was frequently higher, but usually regressed significantly. It seems that being "unruptured" is a more important determinant for postoperative deficit than AVM size alone, which is a finding that was also described by Theofanis et al. 28 and Lawton et al. 9 A potential explanation is the need to perform a more expansive dissection through the unaffected brain.
The outcomes of the unruptured subgroups were better than for the corresponding ARUBA subgroups. The rate of permanent significant deficits was lowest for unruptured Spetzler-Martin Grade I and II lesions (1.0%) compared with ARUBA Spetzler-Martin Grade I and II lesions (3.2%). The outcomes for Spetzler-Martin Grade III lesions show a 3-times-higher rate of permanent significant deficit, both for ARUBA Spetzler-Martin Grade III and unruptured Spetzler-Martin Grade III lesions (10.3% and 6.5%, respectively). The unruptured small AVM subgroup had better outcomes than the interventional therapy group and the medical management group of the ARUBA study. Thus, the criterion of "small" was as indicative as "Spetzler-Martin Grade I and II" in terms of a potential good outcome.
Strengths and Weaknesses of the Study
The series includes every patient who underwent microsurgical AVM removal in the observation period by the same surgeon. All patients underwent early angiography, and data were prospectively collected at the 3-to 6-month follow-up examinations. Follow-up data (i.e., at least 6 months [range 6-326 months]) were obtained from a high proportion of the cases (72.4%). There are several limitations of the study. Due to the selection process for indicating microsurgical removal, no generalized conclusions regarding the value of microsurgery in an unselected population of AVMs can be drawn. Compared with randomized studies, there are also inherent shortcomings to single-institution series. Prospective data collection is a positive feature, however.
Another limitation is that no specific information about the presence of intranidal aneurysms was collected since the 1980s, and the significance of these aneurysms was not yet well established. Sorely missed in the light of recent discussions are follow-up data on the patients who were seen but not operated on, although we were able to describe the number of conservatively managed cases for many years.
Conclusions
Microsurgical resection of a cerebral AVM has a high cure rate. Focusing microsurgical AVM resection on unruptured lesions < 3 cm or Spetzler-Martin Grade I and II lesions, including ruptured ones, is a good strategy for minimizing long-term morbidity. Well-selected microsurgical cases lead to better outcomes than with multimodal interventions, as in the ARUBA treatment arm, or conservative treatment alone. Long-term prospective data collection is valuable.
